Microporous carbon blacks can be characterized by the same techniques as activated carbons, using the classical DR equation and comparison plots based on non-porous materials. The CO adsorption isotherm at 273 K, combined with 2 computer modelling, also leads to an assessment of microporosity. The results agree with independent techniques such as immersion calorimetry into liquids of variable molecular dimensions and a modified Dubinin equation. The study also confirms that the comparison plots based on N (77 K), CO (273 K) and C H (293 K) do not necessarily lead to overlapping results for the total micropore volume and the external surface area of the carbons.
Introduction
progress has been made. This includes the use of other vapours such as benzene at 293 K [14] and, more recently, Carbon blacks [1] and activated carbons [2] both contain of CO between 253 and 353 K and at pressures up to 5 2 graphitic sheets as building blocks, the difference being the MPa [15] [16] [17] [18] . Like CH [9] , CO is a relatively simple 4 2 extent of order. In the case of carbon blacks, high molecule and its adsorption isotherm can be modelled by temperature treatments may also improve the graphitic computer simulations [19] [20] [21] [22] [23] . structure. On the other hand, activated carbons will remain
The present study re-examines the assessment of midisordered, the extent of the graphitic domains being croporosity in carbon blacks, as described earlier [24] [25] [26] [27] limited to approximately 2-3 nm and 2-4 layers. These and based on comparison plots, isotherms, immersion structural similarities are sufficient to ensure, locally at calorimetry into liquids of variable molecular dimensions least, similarities in the microporosity of the two types of and on differential heats of adsorption. As a novelty, we carbons. It has been shown by the dark-field technique include the use CO isotherms at 273 K and pressures up 2 developed by Oberlin et al. [3] [4] [5] and, more recently by to 3 MPa, as well as the recent reference isotherm on STM [6] [7] [8] [9] , that the micropores of activated carbons are Vulcan 3-G [26] . The CO isotherms are also analysed 2 locally slit-shaped, at least up to a width of 1 nm. The with the help of model isotherms resulting from computer micropore system may therefore be regarded as a threesimulations, which leads to the corresponding micropore dimensional collection of interconnected slits, the differdistributions [9, 23] . ence with carbon blacks being, to a first approximation, the extent of regularity.
The microporosity of carbon blacks and of other materi-2. Theoretical background als can be assessed by techniques such as neutron or X-ray scattering, but it appears that the classical techniques are Adsorption of vapours by microporous carbons is destill appropriate for a reasonable characterization. Since the scribed by Dubinin's theory [2, [28] [29] [30] and its fundamental introduction of the method based on nitrogen comparison equation is the so-called Dubinin-Astakhov equation, plots by de Boer [10, 11] and later by Sing [12, 13] ,
A 5 RT ln( p /p). At high pressures, the ratio p /p is where N (DRK) represents the limiting amount adsorbed s s a m in the monolayer. Fig. 1 illustrates the case of C H , CCl , replaced by the ratio of the fugacities and for temperatures 6 6 4 CH Cl and N adsorbed on carbon black Hoechst [27] . above critical, the saturation pressure is replaced by p (T / 2 2 2 c 2
As discussed elsewhere [14, 26] For carbon black Hoechst, benzene leads to a characadsorbate. It is similar to that of the liquid at the same 21 21 teristic energy E of 10.8 kJ mol , against 10.4 kJ mol temperature, but not necessarily equal to it, as in the case o 21
for Vulcan3G and 11.4 kJ mol for N-234G, another of CO discussed below. The characteristic energy, E, 2 graphitised carbon black. Lower values, around 9.4-9.8 kJ depends on the adsorbent and on the adsorptive. One may 21 mol , have also been reported [14] , which confirms that write that E 5 bE , where b depends on the adsorptive o Dubinin's theory applies to porous and non-porous carbon and by convention, b(C H )51. It has been shown 6 6 blacks, but in different domains of p /p . [30, 31] that E is related to the average width L of the
Values of E around 10-11 kJ mol are close to the slit-shaped micropores by [30, 32] or phenol [33] provided, in
Computer modelling of adsorption has become increasthe latter case, that the surface does not contain too much ingly popular and it has been applied to the determination oxygen. These molecules are adsorbed preferentially as of pore-size distributions in carbons. A number of studies monolayers with specific enthalpies of approximately are based on the adsorption of simple molecules such as 22 20.115 and 20.110 J m . CH [9, 37] and CO [9, [20] [21] [22] [23] . In this approach, standard 4 2
As discussed elsewhere [30, 31, 34] , the following microisotherms are modelled for sets of slit-shaped pores pore distribution between 0.4 and 1.5-2 nm and the experimental isotherm
o can be associated with a modified Dubinin equation 
where h S represents the wetting of the external surface of i e the solid. The enthalpies of immersion into liquids of variable molecular dimensions can also be used to assess the micropore distribution of carbons between 0.4 and 1.5 nm [30, 31] , as illustrated below. It has been shown [27] that adsorption of different vapours by non-porous carbon blacks follows the so-called 
CH Cl at 293 K (1) and N at 77 K (3). is described in terms of a weighted contribution of these the corresponding structural parameters are given in Table  isotherms . From a practical point of view, a good choice 1. seems to be CO at 273 K, where full isotherms can be 2 obtained with high-pressure equipment [16] [17] [18] . Standard CO isotherms for adsorption in slit-shaped micropores at 2 273 K have recently been obtained by the authors, as 4. Results and discussion described elsewhere [9, 23] . Fig. 2 by water vapour at 9508C [23] . For comparison purposes, the different carbons, the values of 42.90 cm mol at we also included three active carbons, CAF-B, U-103 and 273 K, given by Ozawa's equation [38] , lead to micropore KF-1500 [18, 26] , with average micropore sizes of 0.65, volumes W (CO ; 273 K), which are in good agreement o 2
1.15 and 1.38 nm, respectively. These solids had been with those suggested by other adsorbates (see Table 1 ). subjected to the same type of analysis [9, 18, 23] S (75 and 108 m g ) by using the reference isotherm on e Vulcan 3G [26] , the CO isotherms at 273 K were fitted to 2 a weighted contribution of the model isotherms obtained by Monte Carlo simulations, as described previously [9, 23] . The corresponding micropore volumes are close to 460 m g . The uncertainties being around 5-10% in derived from this isotherm with the help of model isoboth techniques, the agreement is satisfactory. therms based on computer simulations. In conclusion, this study shows that it is possible to characterize microporous carbon blacks with the same standard adsorption and calorimetric techniques as actiReferences vated carbons. In the last analysis, this is due to the fact that both types of solids can be treated as collections of 
